About one-fourth of U.S. physician practices are now using an EHR, according to the results of high-quality surveys.
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e s pi t e nat i o na l h e a lt h s p e n d i n g that far surpasses that of other countries, Americans often fail to receive consistently high-quality health care. Substantial data suggest that health information technology (IT) in general and electronic health records (EHRs) in particular have the potential to improve the quality of care while controlling health care costs. 1 However, although there is consensus that EHR adoption is not yet widespread, there is less agreement on the current level of EHR adoption and use. 2 There are two reasons for this lack of agreement: First, there is no current standard regarding the meaning of EHR adoption in terms of EHRs' capabilities or functionalities; second, there is no unified approach to the measurement of EHR might include the ability to exchange data electronically across organizations (known as health information exchange) or to collect electronic data for disease surveillance. Although these other components are important, our study focused specifically on EHR use.
n Survey identification. We conducted a systematic review to identify and collect all existing surveys addressing EHR adoption and use, and we determined, based on the existing data, best estimates of the level of EHR adoption in the United States. We chose to include surveys that used either "adoption" or "use" of EHRs, despite the fact that "adoption" often refers to the availability of these systems, while "use" refers to their active employment in clinical care. We scored each identified survey against explicit criteria regarding quality of methodology and quality of content measurement. Using these ratings, we synthesized the available information on EHR adoption.
We limited our search to surveys completed between 1995 and 2004 and searched for both published and unpublished data and reports. To identify peerreviewed literature, we searched the online databases Ovid and Medline using a variety of search terms, including "computer records," "electronic medical records," "electronic health records," and "health information technology." To obtain reports and data from non-peer-reviewed sources, we searched Google, Google Scholar, and other Internet search engines and asked local and national experts in EHR adoption to identify potential surveys for inclusion. To provide more current estimates, we included a high-quality survey conducted in 2005.
Once a comprehensive list of surveys was compiled, we sought to collect reports of the survey methodologies, results, and original survey instruments. If the instruments were proprietary, we requested cooperation with this project via telephone, e-mail, and formal letters. We included only those surveys in which the underlying population of interest consisted of physicians, physician group practices, or hospitals. For reports based on data from multiple surveys, we tried to obtain information about the underlying methodology and survey instruments, so that each survey could be rated separately.
n Survey abstraction process. Our abstraction process was based on professional standards and best practices developed by the American Association for Public Opinion Research (AAPOR). The process included elements that professional organizations suggest should be disclosed in any publicly released survey. 6 We began by identifying the survey characteristics necessary to assess the quality of survey methods. These consisted of survey name, sponsor, fieldwork dates, survey population, sample source, sample size, mode of data collection, response rate information, and eligible respondent.
We also culled several additional items of interest from the surveys: clinical settings surveyed (for example, ambulatory versus inpatient care), practice size (for example, solo versus small group), clinical functionalities surveyed, measures of incentives and barriers to adoption, and variables useful in disparities research w 4 9 8 1 1 O c t o b e r 2 0 0 6 such as payer mix and the race/ethnicity of patient populations.
n Assessing the quality of individual surveys. We assessed the quality of surveys for which we had sufficient information to render a judgment. Our approach to this was guided by expert consensus regarding best practices in survey research, the Office of Management and Budget (OMB) survey clearance process, and consultation with experts on health IT and survey methodology. 7 We rated each survey's methodology and content according to a prespecified set of criteria. 8 Members of the project team experienced in survey research or in health IT independently examined each survey, discussed assessments, and assigned scores. To assess the quality of survey methods, reviewers considered four domains: pretesting of content and methods; representativeness of the sample; the extent of response-rate effort; and the sufficiency of the sample size to support findings. A survey judged to be of high quality in all domains was rated "high." A survey judged to be of low quality in at least two domains was rated "low" overall. All other surveys were judged as "medium."
Five domains were assessed in the content ratings: presence of an EHR; functionalities; barriers to adoption; incentives for adoption; and disparities, as defined by the potential to assess EHR adoption among providers that care for the underserved. Because our primary interest was in understanding the presence or use of an EHR, we focused on results in the "presence of an EHR" domain. Surveys that asked about EHRs (or an important functionality such as CPOE) and resulted in valid, unbiased estimates were rated "high." Surveys that asked about EHRs but used questions that generated only modest confidence regarding validity and reliability were given a "medium" rating. All others were rated "low."
Generally, high-quality surveys used representative sampling and had high response rates. They asked specifically about EHR use and defined "EHR" in the survey. Low-quality surveys often used convenience sampling, had low response rates, and had no or imprecise definitions of "EHR." We used a similar approach for rating other content domains.
Study Results
We identified thirty-six surveys conducted between 1995 and 2005 and were able to obtain both the survey instrument and complete results for twenty-two of them (Exhibit 1). For the remainder, we had some information and often limited results (such as those included in publications). In the results below, we discuss those surveys for which we could rate both methodology and content about the presence of an EHR.
n Quality of available surveys. Of the twenty-two surveys whose methodological and content quality could be judged, ten had high-quality methodology, and nine had high ratings for "presence of an EHR" (Exhibit 1). However, only five surveys achieved a high rating for both methodology and this content domain. All five were surveys of EHR adoption in ambulatory care. When we included surveys that were rated either medium or high in quality for methodology and content, we were able to identify ten surveys. Most surveys did not address barriers to EHR adoption, incentives for EHR adoption, or whether providers that disproportionately care for underserved populations were less likely than others to use EHRs (Exhibit 2).
n Ambulatory EHR use. Among the surveys of outpatient EHRs (Exhibit 3), the four surveys found to be of high quality for both methodology and content estimated EHR use to be in the 17-25 percent range (Exhibit 4). The National Ambulatory Medical Care Survey (NAMCS), an annual, government-funded, nationally representative survey of all ambulatory visits to physicians whose practices are not hospital-based, recently added questions about EHR use. The latest version of this survey, from 2005, found that 23.9 percent of physicians were using an EHR. 9 NAMCS data from 2001-2003 found an EHR adoption rate of 17.6 percent, which suggests a small increase in the adoption rate. 10 If we restricted the analyses to physicians who had at least four of the key functionalities of an EHR as identified by the IOM, adoption rates would drop to only 9 percent.
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Another high-quality survey, conducted by the Commonwealth Fund in 2003, found that 18 percent of physicians "routinely" used an EHR. 12 A 2001 survey by the Center for Studying Health System Change reported on EHR use by specific EHR functions. 13 Approximately 25 percent of respondents used IT for at least one EHR function, while 10 percent reported using it for at least four EHR functions. Eleven percent of physicians appeared to use outpatient electronic prescribing. Finally, a 2000-2001 survey found that 9 percent of medical groups and independent practice associations (IPAs) with twenty or more physicians used electronic docu- mentation and that 24 percent used e-prescribing.
14 By expanding our analysis to include surveys that were rated as medium or high in quality for both methodology and EHR content, we were able to examine a total of nine surveys of EHR adoption in ambulatory care. These estimates ranged from a low of 15 percent of physicians using EHRs in the Medical Economics survey to a finding that 15 percent of medical groups "had an EHR" in the Medical Group Management Association (MGMA) survey. 15 The University of Kentucky survey found that 21 percent of primary care providers in Kentucky used an EHR. 16 Data from surveys that examined EHR adoption by practice size suggested that solo practitioners were less likely than physicians who worked in larger practices to have EHRs. The Commonwealth Fund survey from 2003 found large differences in use of EHRs between solo practitioners (13 percent "used occasionally") and physicians who practiced in groups of fifty or more (57 percent "used occasionally"). 17 Similarly, the 2005 MGMA survey found that although 15 percent of all groups used EHRs, this number varied from 12.5 percent to 19.5 percent based on the size of the practice. 18 Finally, the 2005 NAMCS found that although only 13 percent of solo practitioners were using an EHR, nearly 39 percent in practices with twenty or more physicians were doing so.
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n Inpatient EHR use. Surveys concerning use of inpatient EHRs were limited by at least two constraints: They often did not differentiate between inpatient and outpatient EHR use when surveying hospital-based physicians, and many of the sur- veys focused exclusively on the use of inpatient CPOE, which is only one of the critical EHR components. 20 We identified no studies of EHR use in the inpatient setting that were rated high in quality for both methodology and content related to the presence of an EHR. When we expanded our scope to include surveys that were rated either medium or high in quality for both methods and EHR content, we found two: the Leapfrog Group's 2003 survey of inpatient CPOE, which found that 5 percent of hospitals were using CPOE, and the Ash survey of CPOE, which found that 9.6 percent of hospitals had CPOE. 21 We found two surveys that addressed the prevalence of EHRs in the inpatient setting, as opposed to a more limited focus on CPOE. The Healthcare Information and Management Systems Society (HIMSS) 2005 survey found that 17 percent of hospitals have a fully integrated EHR, although the survey was rated low in quality. 22 A more recent study, which was rated high for methodology, suggested much higher rates of EHR adoption (59 percent). 23 However, this survey asked respondents (quality managers) to identify whether clinicians used "electronic clinical documentation," which included documentation of patients' characteristics, including demographics. Therefore, this survey could not differentiate between a hospital that had clinical notes in electronic format and a hospital that had only patient demographics in electronic format. The lumping of multiple types of clinical data into one question led to unreliable estimates of EHR use. Therefore, we could identify no high-quality estimate of inpatient EHR use (Exhibit 4).
n Safety-net providers. We identified no nationally representative surveys of EHR adoption that directly compared adoption rates among providers who care for the underserved populations and other providers. We found one survey of EHR adoption among safety-net providers that we were able to rate. This survey asked community health centers (CHCs) in California about their use of IT systems. 24 The sample included 87 percent of the licensed CHCs in that state. Conducted in 2000-2001, the survey found that although 67 percent of the clinics had implemented basic IT systems to support business operations, fewer than 10 percent of clinics surveyed were using electronic systems to support individual patient care. 25 
Discussion
Our assessment of surveys on EHR adoption provides three distinct sets of observations. First, the best evidence, based on independent, high-quality surveys, suggests that as of 2005, approximately 24 percent of physicians used an EHR, although only 9 percent used EHR systems that have functionalities such as electronic prescribing. 26 Further, adoption rates varied by practice size: Solo or small physician practices have much lower adoption rates than larger practices have. The data on hospitals' use of health IT are more limited but suggest that during this time period, approximately 5 percent of hospitals had CPOE. 27 Whether these hospitals had a comprehensive EHR system with CPOE as a component or whether they had stand-alone CPOE systems is unknown. We found distinct shortcomings in the literature including varying EHR definitions, varying quality of survey methodology, and almost no information about the use of EHRs by safety-net providers.
n Data limitations. Several important limitations of the evidence help put our assessment into context. First, despite the large number of surveys investigating this topic, most were not of sufficient quality to instill confidence in the estimates. Common problems with these surveys included nonprobability samples, reliance on online data collection (with potential for selection bias in measures of IT), poor response rates, and untested survey questions. Second, with few exceptions, surveys left important questions unaddressed, including whether or not the use of EHRs varied by provider characteristics and whether providers who care for the underserved differed in the adoption process, potentially contributing to health care disparities. 28 Third, nearly all of the available surveys are based on self-reports, with no auditing to confirm reported levels of use.
Another key limitation of the current data was the lack of uniformity in definitions and measures. A majority of the surveys did not define terms such as "electronic health record"; therefore, these terms were open to interpretation by respondents. This limited comparisons of results across surveys. This is of concern to policymakers and the Office of the National Coordinator for Health IT (ONCHIT). The American Health Information Community (AHIC) and others have made standardization of terms such as "EHR" a high priority. Creating consistency in terminology will greatly aid efforts to measure the adoption of this technology over time. Finally, although some surveys focused on purchase or availability, others focused on the actual use of EHRs. The lack of clarity about whether providers simply purchased these systems, had them available, or actually used them made assessment about EHR penetration in clinical care difficult. n Use among safety-net providers. We failed to find substantial data on the adoption and use of EHRs among safety-net providers: Only one survey addressed adoption of EHRs in this group. The 2005 NAMCS collected enough demographic information about providers that future analyses of these data could provide insights into EHR use among providers who care for the underserved. 29 A recent subgroup analysis of a report by the University Health Systems Consortium (UHC) suggests that members who are part of the National Association of Public Hospitals and Health Systems (NAPH) might have less health IT than non-NAPH-member hospitals. 30 To the extent that EHRs improve the quality of care provided, ensuring access to these tools among all providers is critical to reducing disparities in health care. Tracking the adoption and use of EHRs among these providers, understanding if there are unique barriers to adoption in this group, and identifying appropriate policy levers to close this gap are important challenges.
n EHRs and quality. Many policymakers believe that the adoption and use of EHRs are critical contributors to improving the quality and efficiency of the U.S. health care system. Given the importance of these systems, it is essential for policy development that reliable, valid information about them be available. The proliferation of estimates of varying quality, as well as the ongoing lack of policy consensus regarding the definition of "EHR," is likely to be confusing to policymakers, and future work in this area needs to be more standardized.
NAMCS represents an important vehicle for improving assessments of EHR adoption in the ambulatory care setting. It is a recurring, nationally representative, high-quality survey of U.S. ambulatory care. Its main shortcomings for assessing EHR use include the lack of clear definitions of individual EHR functionalities, inadequate sample size to calculate rates of adoption among subgroups of providers, and the timeliness of the data. Modification to the current survey and supplementing the sample of providers could greatly improve the quality of estimates of ambulatory EHR use.
n Recommendations for future measurement. Our review of the available studies of health IT suggests four recommendations for measuring this phenomenon going forward. First, surveys should clearly define EHR use based on standard definitions developed by the IOM, ONCHIT, or other certification organizations such as the Certification Commission for Healthcare Information Technology (CCHIT). Second, as mentioned above, changes should be made to NAMCS, so that this government survey becomes a foundation for understanding changes in EHR adoption. Third, organizations conducting surveys of EHR adoption should use and report standard survey techniques as outlined by the AAPOR, including reliance on probability sampling, assuring that data collection efforts reach knowledgeable respondents, improving response rates, and understanding nonresponse. Finally, greater efforts should be made to identify EHR adoption rates among providers who care for underserved populations.
n Study limitations. Our study has several limitations. First, although we made substantial efforts to identify existing surveys on EHR adoption, surveys might have been missed. However, given our process, including vetting our list with experts in the field, it is unlikely that we failed to identify any high-quality national surveys that would have aided in our estimates. Second, we were unable to rate many surveys either because they were proprietary or because we could not locate the authors to collect more detail. It is unlikely, based on the information that we did have, that the unrated surveys would have greatly changed our results. U n d e r s tan d i n g w h e r e a m e r i c an p r ov i d e r s a r e on the adoption curve of health IT use is critical to creating policies that promote its adoption. Current estimates suggest that adoption rates are still low. For policymakers to understand the effectiveness of efforts to improve EHR adoption, we will need ongoing tracking with high-quality surveys.
